The exact analytic expression for the polaron mass operator in the second order of the coupling constant is established for the first time. It holds in the whole energy scale. The peculiarities of the mass operator are analysed. The renormalized polaron energy spectrum is obtained and analysed in this approximation.
Introduction
Polaron as a quasiparticle was studied by Feynman, Landau, Pekar, Pines, Rashba 1] and others. Nevertheless, a lot of physical and mathematical problems have not been solved yet. As far as the physics of polaron is concerned, the most important problem concerns the existence of bound complexes 2]. The mathematical problems of the correct calculation of the electron and phonon spectra in the region of high energies, quasimomentum and electron-phonon binding are tightly connected with physical ones. There is an important question about the ranges of diagram technique convergence for the polaron Green function.
The actual problem is the analytical calculation of the polaron mass operator (MO) in the higher orders of the binding constants, because the exact numerical results are obtained only in one-phonon approximation [1] [2] [3] while the contribution of any higher order diagrams is done, as a rule, only evaluatively.
In this paper the exact analytical calculation of the polaron MO is performed for the rst two orders of the coupling constant in the arbitrary range of energies at T = 0 K. On this basis the dependence of the renormalized energy of the polaron zone bottom on the coupling constant is derived. Some peculiarities of the MO behaviour in the region of energies higher than the phonon creation threshhold are studied. ; < 1:
Analytical expressions for one-phonon MO give an opportunity to study the renormalized polaron spectrum in this approximation. 
The analytical continuation of (17) into the region 1 < < 2 gives the real and imaginary parts m a 4 (1 < < 2) = : (29) The analytic continuation of (29) into the region 1 < < 2 gives both real and imaginary parts m b 4 (1 < < 2) = 
Finally, formulas (29)-(31) completely de ne m b 4 ( ) as a complex function on the real variable in the whole range of its variation.
Analysis of the results
Figures 1a, 1b show the frequency dependences of the MO terms (real and imaginary) calculated by the formulas obtained in the previous sections at = 1. From the gures one can see: is satis ed, too, meaning the possibility of the existence of a strongly damped bound state in the electron-phonon system (one-phonon repetition). In the region > 2 all the three terms of MO are completely de ned and their frequency dependence is given in gures 1a,b. It is not to be analysed in detail because it is clear that in this energy region the MO terms of Figure 2 proves that a diagram of the rst order ( 1 ) gives satisfactory results only at 6 0:4. Taking into account both diagrams of the second order in the region ( 6 0:9) gives even better results than all other theories 1]. In the region > 1 these terms make the magnitude of the renormalized energy obtained in one-phonon approximation much more exact.
The obtained peculiarities of the MO behaviour in the vicinity of = 1 show an important role of MO diagrams of a higher order and not only those having \dangerous crossings" 2]. The analysis of this problem is to be made in future taking into account partially summed in nite series of MO diagrams.
